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Abstract
Background: Multiple risk behaviour (MRB) refers to two or more risk behaviours such as smoking, drinking alcohol,
poor diet and unsafe sex. Such behaviours are known to co-occur in adolescence. It is unknown whether MRB
interventions are equally effective for young people of low and high socioeconomic status (SES). There is a need to
examine these effects to determine whether MRB interventions have the potential to narrow or widen inequalities.
Methods: Two Cochrane systematic reviews that examined interventions to reduce adolescent MRB were screened
to identify universal interventions that reported SES. Study authors were contacted, and outcome data stratified by
SES and intervention status were requested. Risk behaviour outcomes alcohol use, smoking, drug use, unsafe sex,
overweight/obesity, sedentarism, peer violence and dating violence were examined in random effects meta-
analyses and subgroup analyses conducted to explore differences between high SES and low SES adolescents.
Results: Of 49 studies reporting universal interventions, only 16 also reported having measured SES. Of these 16
studies, four study authors provided data sufficient for subgroup analysis. There was no evidence of subgroup
differences for any of the outcomes. For alcohol use, the direction of effect was the same for both the high SES
group (RR 1.26, 95% CI: 0.96, 1.65, p = 0.09) and low SES group (RR 1.14, 95% CI: 0.98, 1.32, p = 0.08). The direction of
effect was different for smoking behaviour in favour of the low SES group (RR 0.83, 95% CI: 0.66, 1.03, p = 0.09) versus
the high SES group (RR 1.16, 95% CI: 0.82, 1.63, p = 0.39). For drug use, the direction of effect was the same for both the
high SES group (RR 1.29, 95% CI: 0.97, 1.73, p = 0.08) and the low SES group (RR 1.28, 95% CI: 0.84, 1.96, p = 0.25).
Conclusions: The majority of studies identified did not report having measured SES. There was no evidence of
subgroup difference for all outcomes analysed among the four included studies. There is a need for routine reporting
of demographic information within studies so that stronger evidence of effect by SES can be demonstrated and that
interventions can be evaluated for their impact on health inequalities.
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Background
Risk behaviours such as smoking, alcohol consumption, drug
misuse, risky sexual behaviour, unhealthy diet and low levels
of physical activity co-occur in adolescence [1, 2]. Multiple
risk behaviour (MRB) refers to the occurrence of two or
more risk behaviours directly or indirectly related to health
[3]. Recognising the co-occurrence of risk behaviours, there
has been a number of public health interventions that ad-
dress MRB as opposed to single behaviours in isolation [4].
The rationale behind this approach being that strategies may
affect more than one outcome, proving more efficient and
cost-effective [5]. Interventions targeting one behaviour may
be less successful as they do not address the co-occurrence
of behaviours [6]. The fact that most adults claim to have
initiated risk behaviours during adolescence indicates that
intervening early may be the best approach [7].
The inverse relationship between risk behaviour and
socioeconomic status (SES) has been widely reported [8–
10]. In response, strategies to improve health behaviour of
young people have often targeted low SES groups. How-
ever, targeting ignores the social gradient to health and
may result in stigma or failing to reach at-risk schools or
pupils [11]. Thus, some researchers argue for ‘proportion-
ate universalism’ [12] as “universal interventions which
disproportionally benefit low SES groups may have the
greatest potential to improve population health, while re-
ducing inequality” [11]. However, proportionate universal-
ism has potential challenges that have not been tested in
practise, such as assessing the proportion of resource that
should be allocated to each level of disadvantage [13].
It has been raised by a number of researchers, including
those working in the Cochrane Equity Methods Group [14,
15], that universal public health interventions have the po-
tential to increase inequalities in the population [15–17].
This occurs when the interventions are of greater benefit to
the most advantaged groups, inadvertently increasing in-
equalities (the inverse equity hypothesis) [17, 18]. White et
al. [19] state that all processes in the planning and delivery
of public health strategies have the potential to create inter-
vention generated inequalities. For instance, if a survey is
used to assess need for a public health intervention, variation
in response rates by socioeconomic status could underesti-
mate the need among the most disadvantaged groups [19,
20]. Compliance with the intervention programme may also
be higher in groups with higher SES who have greater access
to resources such as time, coping skills and finance that en-
able them to take advantage of the intervention [16].
There are increasing initiatives to encourage more com-
prehensive reporting of factors that can lead to health in-
equalities [17]. PROGRESS-Plus is a proposed framework
for the PRISMA Equity Extension, used to identify charac-
teristics that stratify health opportunities and outcomes
[17]. The acronym refers to the following: place of resi-
dence; race/ethnicity/culture/language; occupation; gender/
sex; religion; education; socioeconomic status and social
capital, with the ‘Plus’ element referring to personal dis-
criminating characteristics (e.g. age, disability), features of
relationships (e.g. smoking parents) and time-dependent re-
lationships (e.g. leaving the hospital, temporary disadvan-
tage) [17]. Although this framework is now widely adopted
and has been endorsed by the Campbell and Cochrane
Equity Methods Group [21], there is still limited evidence
about intervention generated inequalities from systematic
reviews. This is in part due to the studies under review fail-
ing to record such demographic information in the first in-
stance [22].
Whereas reviews have been undertaken to assess inequal-
ities with regard to single behaviours such as healthy eating
[16, 22] physical activity [23], smoking tobacco [24], no
study has yet explored differential intervention effects with
regard to MRB interventions. This study re-examines stud-
ies from two Cochrane systematic reviews of adolescent
MRB interventions [4, 6] for differential outcome effects by
socioeconomic status. The aim was to identify whether
public health interventions for adolescent MRB increase or
reduce inequalities. It was also an aim of the study to deter-
mine the extent to which SES is reported within adolescent
MRB studies and the types of measures used.
Methods
Study design
We conducted secondary analyses of studies included in
two Cochrane systematic reviews that focused on adoles-
cent MRB [4, 6]. These reviews included randomised con-
trolled trails (RCTs) and cluster RCTs. The reviews
examined the effects of interventions implemented up to
18 years of age for the primary or secondary prevention of
multiple risk behaviours. The interventions could be indi-
vidual, family, or school-based interventions. Risk behav-
iours included: tobacco use; alcohol consumption; illicit
drug use; risky sexual behaviours; anti-social behaviour and
offending; vehicle-related risk behaviours; self-harm; gam-
bling; unhealthy diet; high levels of sedentary behaviour;
and low levels of physical activity. Both reviews followed
the robust procedures specified by the Cochrane Collabor-
ation and the interested reader is referred to the protocols
for further details [4, 6]. The literature searches for these re-
views were conducted in 2012 and 2015.
Inclusion criteria and screening for current analysis
Studies were eligible for the current paper if they met the
initial inclusion criteria for the Cochrane reviews on ado-
lescent MRB [4, 6]. Additionally, studies were restricted to
universal interventions (i.e. aimed at a whole population,
such as a school) [11], as interventions that target specific
demographic or high-risk groups would be unable to de-
tect difference in effect by SES. If a study was described as
universal, but participants were predominantly from one
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socioeconomic group, it was excluded from this analysis.
Full text studies were then screened to determine if any
reported having measured SES at baseline and/or con-
ducted a subgroup analysis by SES. SES is broadly defined
to include a range of indicators such as: parental educa-
tion, parental income, parental occupation, free school
meal eligibility, Hollingshead index [25] and receipt of so-
cial benefit. Other demographic indicators outlined by the
PROGRESS-Plus [17] model such as gender and ethnicity
were not included in this analysis.
Data extraction and management
SES data were extracted by one reviewer and input into a
predesigned form; additional data on intervention design,
setting, population, and outcome(s) were taken from the
Characteristics of Studies tables produced for [4, 6]. Authors
of the study papers that reported having measured SES at
baseline were contacted and asked to provide additional de-
tail on the outcomes by SES and intervention assignment
(i.e. experimental or control). Authors were also given the
option to send the cleaned dataset if they preferred. Those
contacted were given several weeks to respond and re-
minder emails were sent.
Data analysis
Following the procedure of project TEENAGE [26], SES
measures were dichotomized into high SES (parent with
degree-level education, not eligible for free school meals)
and low SES (parent without a degree-level education, eli-
gible for free school meals). Studies were combined using a
random effects meta-analysis and sub-group analyses
performed using Revman 5.3 (The Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen 2014).
Random-effects models were specified a priori due to antic-
ipated between-study heterogeneity with regard to settings
and participants [27]. Subgroup-specific effect estimates are
summarised as relative risks (RR) with 95% confidence in-
tervals (CI) and are presented in forest plots by dichoto-
mised SES subgroup. We do not report the overall pooled
summary effect (i.e. the two subgroups combined) since the
studies included here are a subset of those included in the
original Cochrane reviews. An overall pooled effect would
therefore be misleading. Subgroup-specific intervention ef-
fects are compared using a test for interaction rather than
comparison of significance through p-values [27]. The test
for interaction is undertaken using Cochran’s Q and Hig-
gins I2. [28, 29]. Outcomes only examined by a single study,
are reported in the text.
Results
Description of included studies
Figure 1 presents the flow chart of included studies which,
for transparency, includes the screening process for the an-
cestor Cochrane systematic reviews. Following the full text
screening of 101 eligible studies (published between 1982
and 2015) from the parent Cochrane reviews, 49 studies
met the criterion of being universal and not targeted to a
specific group. Of those universal studies, 16 reported meas-
uring SES and were therefore eligible for secondary analysis
for the current paper and authors were contacted for add-
itional data on SES. These studies are included in Table 1,
along with descriptive information on: study name, setting,
population, intervention properties, primary outcome(s),
SES indicator used, effect of intervention, differential effect
by SES and risk of bias assessments. Studies were conducted
in the following countries: USA (n= 12), UK (n = 1), Canada
(n= 1), Spain and Mexico collaboration (n = 1) and Sweden
(n= 1). Of the 16 eligible studies, the following types of
intervention were described, with some studies adopting
more than one intervention element: school-based curricu-
lum, workshop, training or problem solving (n= 13), family
or parent training or support (n = 5), adult mentoring
programme (n= 1), website and text service (n= 1), practice
nurse session (n = 1). Details and reasons for study exclusion
are listed in Table 2 and Table 3 in Appendix 1 and 2.
Measures of SES
A range of SES measures was employed across the stud-
ies, with some using more than one SES measure. The
most commonly used measure of SES was free school
meal eligibility (n = 7), with one study also including
reduced-price school meal eligibility. Parental education
(n = 5) and parental/household income (n = 5) were the
second most common, with one study specifying mater-
nal education. None of the studies gave a rationale for
their choice of SES measure.
Subgroup analyses by SES
Of the 16 authors contacted for further data, nine authors
did not respond and three did not have the data available in
a suitable format to re-run analyses. Consequently, only four
studies could be included in the secondary analysis. Of
these, two were conducted in the USA, one in Canada and
one as a collaboration between Spain and Mexico. All were
school-based. All four studies measured alcohol use as a pri-
mary outcome, with other outcomes including tobacco
smoking (n= 3), drug use (n= 3) with two studies measuring
any illicit drug use and one measuring cannabis use, unsafe
sex (n = 1), overweight/obese (n= 1), sedentarism (n = 1)
dating violence (n = 1) and peer violence (n = 1). Two stud-
ies measured SES using free school meal eligibility and two
used parental education as a proxy for adolescent SES. For
alcohol, measured by all studies, the total number of partici-
pants in the subgroup analysis was 1720 in the high SES
group and 1657 in the low SES group.
We report subgroup analyses in Fig. 2 for alcohol, Fig. 3
smoking and Fig. 4 drug use. The maximum number of
studies included is 4. For all three outcomes there was an
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101 studies identified for screening 
for SES variables from two 
Cochrane systematic reviews.
Studies excluded (n=85)
49 were targeted interventions
31 were universal but did not         
measure SES 
5 had a sample where the 
majority were from one SES group
Studies eligible for subgroup analysis
(n=16) Studies excluded (n=12)
10 data were not available or 
researchers could not be reached
1 study had considerable overlap 
between SES and ethnicity 
1 study did not have individual 
level SES data




Records after duplicates removed:
(n=24,553)





Systematic review 1 (all risk behaviours) (n = 63)
Systematic review 2 (tobacco, alcohol and drug misuse) (n=48)
Total (n = 101)
Full text articles excluded:
(n=298)
4 studies included in secondary 
analysis
Fig. 1 Flow diagram detailing the systematic review screening process. The figure shows at what stage studies were excluded from the eligible
dataset and gives reasons for exclusion, resulting in the final sample
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absence of evidence for subgroup differences by high or
low SES: alcohol use (χ2 = 0.40, df = 1 (p = 0.53) I2 = 0%),
smoking (χ2 = 2.68, df = 1 (p = 0.10) I2 = 62.7%) and drug
use (χ2 = 0.00, df = 1 (p = 0.98) I2 = 0%). Due to the small
numbers of studies included, these results should be inter-
preted with caution and may represent false negatives due
to inadequate power.
The point estimates for alcohol use show that SES
does not explain the effect of the intervention, as the
direction of effect is the same for both high SES (RR
1.26, 95% CI: 0.96, 1.65, p = 0.09) and low SES (RR 1.14,
95% CI: 0.98, 1.32, p = 0.08). The confidence intervals
for both groups’ pooled estimates cross the null.
For smoking the point estimates are indicative of a dif-
ferential intervention effect in favour of the low SES group
(RR 0.83, 95% CI: 0.66, 1.03, p = 0.09) versus the high SES
group (RR 1.16, 95% CI: 0.82, 1.63, p = 0.39). The confi-
dence intervals in both groups crossed the null.
For drug use, SES was not an explanatory factor for the
intervention effect as the direction of effect in the high SES
group (RR 1.29, 95% CI: 0.97, 1.73, p = 0.08) and the low SES
group (RR 1.28, 95% CI: 0.84, 1.96, p= 0.25) was the same.
The confidence intervals in both groups crossed the null.
Only 1 study reported outcomes related to peer and dating
violence [30]. Analysis revealed no evidence of a difference
between the SES groups within the individual study for peer
violence (χ2 = 2.37, df = 2, p= 0.31, I2 = 15.6%) or dating
violence (χ2 = 1.91, df = 2, p= 0.38, I2 = 0%). The point esti-
mates suggested a beneficial intervention effect regarding
dating violence for high SES young people (RR 0.49,
95% CI: 0.28, 0.86, p = 0.01) and an insufficient interven-
tion effect for low SES adolescents (RR 0.84, 95% CI: 0.50,
1.14, p = 0.51). The direction of effect was the same for
peer violence in Wolfe et al.’s [30] study: high SES adoles-
cents (RR 0.85, 95% CI: 0.58, 1.25, p = 0.40) and low SES
adolescents (RR 1.32, 95% CI: 0.88, 1.99, p = 0.18).
Only 1 study reported the outcome overweight/obesity
[31]. The test for subgroup differences revealed no differ-
ence between the SES groups within the individual study
(χ2 = 0.98, df = 2, p= 0.61, I2 = 0%). The point estimates sug-
gested a differential intervention effect in favour of the low
SES group (RR 0.87, 95% CI: 0.42, 1.80, p= 0.71). For seden-
tarism, examined in the same isolated study, the point esti-
mates indicated that SES did not explain difference in the
intervention effect as both were in the same direct: high
SES (RR 0.77, 95% CI: 0.55, 1.07, p = 0.12) low SES: (RR
0.82, 95% CI: 0.47, 1.41, p = 0.47). The confidence in-
tervals for the effect in both groups crossed the null.
Discussion
Through a secondary analysis of intervention effects by
socioeconomic status in adolescent MRB interventions,
we found there to be sparse reporting of demographic
characteristics needed to investigate inequalities.
Fig. 2 Forest plot of meta regression analysis for outcome alcohol by SES group. The plot shows the data meta-analysed in two subgroups
(high SES: parent with a degree or ineligible for free school meals) (low SES: parents do not have a degree or young person eligible for free
school meals). The boxes represent the estimates and the arrows coming out of the boxes the 95% confidence intervals. The diamond is the
pooled estimate for each subgroup. The overall pooled estimate is not shown as the figure is concerned with comparing the two groups.
Estimates on the right-hand side of the figure labelled ‘favours control’ equates to an increase in negative alcohol behaviour while the ‘favours
intervention’ arm refers to a reduction in negative alcohol behaviour following intervention
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Fig. 3 Forest plot of meta regression analysis for outcome smoking by SES group. The plot shows the data meta-analysed in two subgroups
(high SES: parent with a degree or ineligible for free school meals) (low SES: parents do not have a degree or young person eligible for free
school meals). The boxes represent the estimates and the arrows coming out of the boxes the 95% confidence intervals. The diamond is the
pooled estimate for each subgroup. The overall pooled estimate is not shown as the figure is concerned with comparing the two groups.
Estimates on the right-hand side of the figure labelled ‘favours control’ equates to an increase in smoking behaviour while the ‘favours intervention’
arm refers to a reduction in smoking behaviour following intervention
Fig. 4 Forest plot of meta regression analysis for outcome drug use by SES group. The plot shows the data meta-analysed in two subgroups
(high SES: parent with a degree or ineligible for free school meals) (low SES: parents do not have a degree or young person eligible for free
school meals). The boxes represent the estimates and the arrows coming out of the boxes the 95% confidence intervals. The diamond is the
pooled estimate for each subgroup. The overall pooled estimate is not shown as the figure is concerned with comparing the two groups.
Estimates on the right-hand side of the figure labelled ‘favours control’ equates to an increase in drug use while the ‘favours intervention’ arm
refers to a reduction in drug use following intervention
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Despite the recognition that interventions may increase or
reduce inequalities, concerns have been raised that most eval-
uations do not assess the differential impact by socioeco-
nomic group [11, 32]. Many studies do not record the
demographic information needed for subgroup analysis, or
are insufficiently powered [16, 22, 33]. Moore et al. [11] sug-
gest that this inattention to inequality within public health in-
terventions may reflect a utilitarian perspective in focusing on
achieving the greatest benefit for the most amount of people.
Lynch et al. [34] address this idea through a discussion of ‘ab-
solute’ and ‘relative’ inequality. They note that if the aim is to
reduce relative inequalities in an outcome, the absolute bene-
fit to the population may be small, particularly if the outcome
is equally common in all groups [34]. Therefore, for some
outcomes there may be a conflict in attempting to improve
health for all young people while also reducing inequalities.
There was variation in how SES is measured in the eli-
gible studies, with no justification for the choice of measure
in any of the full text papers [11]. This study supports
Moore et al. [11] in illustrating the need for greater consen-
sus upon SES measures to ensure more reliable studies.
Even those studies that used the same SES measure may
have employed it slightly differently, for example, only
measuring mother or father’s education or including
reduced-priced school meal eligibility as well as free school
meals. A consensus on a single SES measure, however, may
not be easily reached due to significant disagreements on
definitions and theoretical assumptions [35]. For example,
the most common measure in the eligible studies, free
school meal eligibility, is often used a proxy of SES as it is
easily accessible and inexpensive to record compared with
parental education and household income [35]. However,
the threshold for eligibility may differ between countries
and regions and some authors have found free school meal
eligibility to inadequately reflect household income [35, 36].
The Family Influence Scale (FAS) has been implemented
in the Health Behaviour in School-Aged Children (HBSC)
study, as well as other research and policy work as a meas-
ure of SES within adolescence [37]. FAS is comprised of
easily answerable indicators of affluence and consumption,
such as number of cars, young people having their own
bedroom and the number of holidays the family take. Stud-
ies adopting FAS have reported low levels of missing data
of around 2% [37–39] and have shown low affluence to be
associated with outcomes such as increased risk of fighting
injury [40] and higher consumption soft drinks compared
to high affluence young people [41]. FAS thus presents a
possible indicator for assessing inequalities in interventions
that target adolescents. Although, there are limitations such
as the need to adapt the scale dependent on country and
consumer patterns [37] and most validation work has been
done within cross-sectional studies [37].
The point estimates for alcohol use show that SES does
not explain the effect of the intervention as the direction of
effect is the same for both SES groups, indicating that these
interventions neither increase nor reduce inequalities. How-
ever, there was a lack of evidence of subgroup difference, so
these findings are indicative. The point estimates
favoured the control group, which is noteworthy as
the findings from the meta-analysis from one of the
original MRB systematic reviews reported universal
school-based interventions to have a beneficial effect
for young people in relation to alcohol use [42]. One
reason for this difference in findings could be that
this present subgroup analyses had only four studies.
Two of the four studies [31, 43] in the subgroup ana-
lysis had small samples and low numbers of events, mean-
ing that the pooled estimates were heavily weighted
toward the other two studies. The original systematic re-
view from which these studies were taken, however,
meta-analysed eight studies with 8751 participants in total
[42] demonstrating that such interventions probably have
a beneficial effect in relation to alcohol. Thus, it is further
evident that there is a need for greater reporting of demo-
graphic characteristics so that health inequalities in inter-
ventions might be examined more comprehensively.
For tobacco smoking, there was an indication of a differ-
ent direction of effect between the groups, in favour of the
low SES group. The confidence intervals cross the null in
these analyses and there is no evidence of subgroup differ-
ences. However, this finding highlights the potential for in-
terventions to have differential effects for different groups.
Reviews with more studies and greater power are needed to
investigate this further, as the thinking that universal inter-
ventions tend to benefit those from high SES the most
[11, 15] might not always be the case. The intervention ef-
fect on inequalities may depend on the setting, the interven-
tion type and the outcomes being examined. A systematic
review that assessed the equity impact of tobacco interven-
tions and policies on young people found that price increase
of cigarettes had the most consistent positive impact [44].
However, the review found very few studies that examined
intervention inequalities among young people and called for
the evidence base to be strengthened [44]. Therefore, there is
a need for greater exploration of the types of interventions
(upstream or downstream) and intervention elements that
may decrease inequalities in MRB in young people.
For Wolfe et al.’s [30] study, the school-based training
intervention, the direction of effect was different between
groups for outcomes dating violence and peer violence, in
favour of the high SES group. In the overall sample Wolfe
et al. [45] reported a beneficial effect for both dating vio-
lence and peer violence. This finding represents one
example of an intervention that is successful at a popula-
tion level, yet may potentially increase inequalities through
disproportionately benefiting the least deprived adolescents.
The fact that the intervention under evaluation was a
downstream intervention, focusing on individual behaviour
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change, chimes with current thinking around intervention
generated inequalities [15, 46]. However, this example
should be treated as illustrative as it only presents one study
and there was no evidence of subgroup difference between
the low SES and high SES groups.
This present study supports previous research in highlight-
ing the limited evidence base on the differential effect of in-
terventions by socioeconomic status. Researchers have cited
similar difficulties in being able to find studies that conduct
subgroup analyses, that measure socioeconomic variables at
baseline or that are powered to detect differences by demo-
graphic groups [11, 15, 22, 46]. The TEENAGE project rea-
nalysed interventions targeting any of four risk behaviours
(smoking, diet, physical activity and alcohol) for differential
effects by SES, but was limited by the small number of stud-
ies that collected demographic information [26, 47]. Moore
et al. [11] conducted a systematic review of school-based
health interventions but could only draw tentative conclu-
sions due to a small sample and called for more routine test-
ing of effects of interventions on inequality. While our study
was also unable to detect evidence of difference due to a
small sample, it provides an indication of how interventions
may affect different SES groups differently.
This study highlights that work still needs to be done to
encourage intervention leaders and systematic reviewers
to record and analyse PROGRESS-Plus demographic in-
formation. The fact that only a small proportion of identi-
fied interventions measured SES at baseline, and none
conducted SES sub-group analysis, further illuminates the
lack of evidence regarding intervention generated inequal-
ities [19]. This present study also highlights the import-
ance of researchers keeping datasets accessible and being
willing to engage in re-analysis.
Strengths and limitations
A strength of this study is the systematic approach to review-
ing public health interventions for differential outcome effect
by SES. To our knowledge this is the first of its kind to con-
duct secondary analysis on universal interventions aimed at
adolescent multiple risk behaviour using Cochrane system-
atic reviews. The approach could be applied for other public
health interventions looking at different outcomes in differ-
ent age groups. This study also demonstrates potential re-
search that can be done to investigate health inequalities
using existing systematic reviews at relatively low cost. It fur-
ther highlights the need to consider health inequalities in the
development of public health interventions so that appropri-
ate subgroup analyses and meta-analyses are possible to de-
tect differential effects by different SES groups.
Secondary analyses were only performed on a small sam-
ple of studies, most of which were not initially designed or
sufficiently powered to investigate inequalities. Post hoc sub-
group analyses can be unreliable and misleading [48]; how-
ever, not performing them would be a lost opportunity in
terms of investigating health inequalities [46]. Most of the
studies were conducted in North America, which makes
generalizability difficult due to the different ways SES affects
health cross-nationally [11, 46], for instance with regard to
the racialisation of inequality in North America [11]. Many
of the interventions included in the Cochrane systematic re-
views were at least 10 years old so it is possible that the col-
lection and reporting of demographic variables to trace
intervention generated inequalities is occurring in more
contemporary studies not captured by these reviews. We
were unable to find any study protocols, so we are unaware
if some studies intended to collect SES data but did not pub-
lish the findings. Therefore, selective outcome reporting
could be a problem among the included studies [49].
There was considerable heterogeneity among the stud-
ies regarding design and statistical methodology. There
was also variation in the type of SES measure used, mak-
ing comparability a challenge [50].
Another limitation that has been cited in similar studies
[46] is that all of the interventions re-analysed were ‘down-
stream’ interventions. Thus, we are unable to compare up-
stream and downstream interventions in their impact on
health inequalities, which would be preferable as it has been
hypothesized that ‘upstream interventions’ may be the most
successful in reducing inequality [15]. Had we included
other study designs, such as natural experiments, we may
have been able to explore more upstream interventions as
well as studies that specifically look at the effect of interven-
tions on inequalities [51].
There was socially patterned attrition in some of the in-
cluded studies, meaning that the low SES groups often had
fewer participants than high SES groups. The behaviour out-
come measures were also self-report, which may lead to less
valid completion among some demographic groups and
thus lack the sensitivity to detect differential effects [11, 52].
There is the additional measurement problem when
studying inequalities in young people. If parental measures
of SES are used as proxy and are self-report by their chil-
dren, they may not know the educational attainment or
occupation of their parents [37, 53]. It is likely there will
be missing data that are socially patterned, with higher
SES young people being more aware of their parents’ edu-
cation and occupation than low SES young people [37].
Conclusions
The majority of studies identified did not report having
measured SES. There was little consistency of SES meas-
ure used and rarely were demographics reported for the
purposes of subgroup analyses, meaning that this study
was underpowered to detect subgroup differences. There
is a need for routine reporting of demographic informa-
tion within studies so that stronger evidence of effect by
SES can be demonstrated and interventions evaluated
for their impact on health inequalities.
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Appendix 2
Table 3 Excluded universal studies. The universal studies excluded from the subgroup analysis and reasons for exclusion
Primary Authors Trial Reason for exclusion
Bauman et al. 2001 [114] Family Matters SES not stated
Beets 2009 [115] Positive Action (Hawaii) SES not stated
Bonds 2010 [116] New Beginnings Sample almost exclusively white middle class.
Clayton et al. 1996 [117] DARE SES not stated
Dent et al. 2001 [118] Towards no drug abuse - General high schools SES not stated
Dolan 2010 [119] BBBS Ireland SES not stated
Donaldson 1994 [120] AAPT SES not stated
Eisen et al. 2003 [121] Lions quest SES not stated
Fearnow-Kenney 2003 [122] All stars Sr SES not stated
Furr-Holden et al. 2004 [79] Family-schools partnership SES not stated
Griffin 2006 [123] Life Skills Training Participants primarily from middle class suburban background
Hansen [124] AAPT SES not stated
Li 2011 [125] Positive Action (Chicago) SES not stated
McCambridge et al. 2005 [126] Motivational interviewing 2005 SES not stated
McCambridge et al. 2008 [127] Motivational interviewing 2008 SES not stated
McNeal 2004 [128] All Stars 1 SES not stated
Melnyk 2013 [129] COPE SES not stated
Moskowitz et al. 1984 [130] Napa Predominantly white, middle-class and suburban community
Nader 1999 [131] CATCH 3 SES not stated
Olds 1998 [132] Nurse Family Partnership 1 Participants primarily low socioeconomic, unmarried mothers
Palmer [133] AAPT SES not stated
Patton 2006 [134] Gatehouse Project SES not stated
Pentz et al. 1989 [135] Midwestern Prevention Project - Indiana SES not stated
Perry 2003 [136] DARE v DARE+ SES not stated
Roberts et al. 2011 [137] Aussie optimism SES not stated
Saraf 2015 [138] Saraf SES not stated
Schaps et al. 1982 [139] Drug education course Predominantly white, middle-class and suburban community
Schinke et al. 2009 [140] Mother-Daughter - Non-Specific Population SES not stated
Shek 2011 [141] PATHS SES not stated
Simons-Morton 2005 [142] Going Places SES not stated
Sloboda 2008 [143] ASAP SES not stated
Sun et al. 2006 [144] Towards no drug abuse - Self-instruction SES not stated
Sun et al. 2008 [145] Towards no drug abuse - TND-4 SES not stated
Taylor 2000 [146] AAPT SES not stated
Valente et al. 2007 [147] Towards no drug abuse - TND Network SES not stated
Walter 1986 [148] Know Your Body 1 SES not stated
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